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ABSTRACT 
 

     We report on the survival curve of cultured pediatric 

rhabdomyosarcoma (RD) cells derived from children. X-ray radiation of 

variable doses (i.e. 4 Gy up to 20 Gy) was used for this purpose. Cell 

death resulted from chemical alterations in the genome. Both single-hit 

multi-target model and linear-quadratic model which base on the target 

theory allowed for the description of the survival curve, and for the 

calculations of characteristic parameters such as mean lethal dose (D0), 

quasi-threshold (Dq), extrapolation number (n), dose at which the 

contribution of linear and quadratic components of cell killing are equal 

(α/β) and the radiosensitivity of the cells (SF4 value). From the results 

obtained the survival curve was constructed, and it was found that D0 = 

3.2 Gy, Dq= 9.2 Gy, n = 18, α/β = 9 Gy and SF4 = 0.79. Low 

radiosensitivity of cells under study was concluded.  
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INTRODUCTION 

     Rhabdomyosarcoma (RD) is the most common soft tissue sarcoma of childhood. It 

exhibits the skeletal muscle differentiation (1-4). The embryonal RD has spindle cells and 

tends to occur in head and neck area, bladder, vagina, and in or around the prostate and 

testes (4-6). To choose adequate criteria of cell radiosensitivity and to calculate the 

characteristic parameters for comparative radiation studies, a survival curve is needed 
(7,8). A cell survival curve describes the relationship between the radiation absorbed dose 

and the proportion of cells that survive (surviving fraction) (7-10). Cell death or the lethal 

effect of irradiation means that the cell loses the ability to proliferate (reproductive death) 
(8). A survivor cell that has retained its reproductive integrity and is able to proliferate 

indefinitely to produce a large colony is said to be clonogenic (7). For a tumor to be 

eradicated in single fraction in radiotherapy, it is only necessary that cells be killed in the 

sense that they are rendered unable to divide and cause further growth and spread of the 

malignancy (7).    
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     In 1956 the first radiation survival curve for cultured HeLa cells exposed to X-ray was 

demonstrated by Puck and Marcus (11). Since then it has remained the basic method used 

in quantitative radiobiology. A lot of research work on the survival curve parameters (12-

20)  was done for different normal and malignant cell organisms including bone marrow 

stem cells, cartilage, epithelial cells, intestinal mucosa, parenchymal hepatocytes, 
hyperthermia, lung, skin colonies, skin fibroblast, mammary cells, etc… both in vitro and 

in vivo. Knowledge of the radiosensitivity and the mechanisms of regulation promise 

most important practical results. It aims at the possibility of using special agents to 

control the dose response of tissues, i.e. weaken them when dealing with the protection of 

an organism or increase them when irradiating malignancy tumors, inactivation bacteria, 

etc… (8). The objective of the present study was to determine the intrinsic radiosensitivity 

of the RD cell type and determine the parameters related to survival curve used for the 

calculations of tumor cell kill in radiotherapy of pediatric tumors, of the type RD 

sarcoma. This is necessary when treating patients with radiotherapiutic techniques.       

 

MATERIALS AND METHODS 

Materials 

     The reagents and equipment used for cell culture and irradiation were as follows: RD 

cells, trypsin (or trypsin/versene), phosphate buffered saline (PBS), cell culture tubes and 

flasks, bio safety cabinet (BSC), inverted microscope, incubatator (36oC), mixer (Denley 

Spiramix), linear accelerator (ELEKTA 75/15, 6 MV photon, output:1.00 cGy/MU), 

haemocytometer or cell counting chamber based on freshney (improved Neubauer type, 

0.1 mm depth, 25 squares per cm2, 0.2 mm long and 0.2 mm wide),  pipettes, fine Pasteur 

pipettes and slides (21-23). 

Sample Preparation 

     Culture flasks with confluent monolayers of RD cells derived from human RD 

(American Type Culture Collection, Manassas) provided by National Health Laboratory 

– Sudan were grown as monolayer cultures in growth medium (GM) supplemented with 

10% serum (Fetal calf serum is the serum of choice). Growth medium from the cell 

culture flask was decanted and the twice confluent cell layers were washed with Ca and 

Mg free PBS. 0.25% trypsin solution (or equal parts of 0.25% trypsin and 1:5000 

Versene solution) in PBS was added to the monolayer. The flask was then placed in a 

36°C incubator until the cells were detached from the surface. Complete detachment of 

cells was checked by an inverted microscope. The cells were re-suspended in the growth 

medium, and the desired concentration was adjusted to (1600 cell/ml) for each cell 

culture tube of RD cell lines following WHO procedures (24)    . 

Method  

     After one hour of incubation the cell culture tubes of RD cell lines were irradiated to 

single dose X-rays 4 Gy, 8 Gy, 12 Gy, 16 Gy and 20 Gy in Radiation and Isotopes 

Centre – Khartoum - Sudan (RICK) by linear accelerator machine (ELEKTA).One tube 

was kept free of irradiation as a control. Cell irradiation was done at room temperature 

and the calculations were done by Radiation Oncology Computer System (ROCS) (1, 23). 



     The irradiated fresh culture tubes of RD cell line were sub-cultured for a period of 5–7 

days and placed in a 36°C incubator supplied with CO2 by cell metabolism and 7.2  pH 

usually included in basal growth media from proprietary sources to divide and grow until 

the surviving cells produces macroscopic colonies. 

     Cells were calculated following chamber counting method (23). Accurate numbers of 

cells in suspension were calculated by counting the cells in a haemocytometer based on 

Freshney. The cell culture tubes of RD cells were mixed well with a fine Pasteur pipette, 

and a sufficient volume was aspirated to fill both sides of the haemocytometer chamber. 

The viable cell concentration was calculated. The plating efficiency of the RD cells 

culture (PE) is the ratio of the number of colonies observed to the number of cells plated, 

and the surviving fraction (SF) of the treated cells is the percentage of the number of 

colonies counted to the number of cells seeded, normalized to the plating efficiency of 

the control  cells (21-24). 

RESULTS AND ANALYSIS 
 

      A radiation survival curve was generated using an in vitro cell culture technique, and 

the surviving fraction SF was taken on logarithmic scale versus the absorbed dose on 

linear scale. Two descriptions of the shape of survival curves were discussed. 

 

Single-hit Multi-target Model     
     In this model the cells were supposed to contain n distinct and identical targets which 

can be individually inactivated by the passage of a charged particle. Inactivation of a 

target represents a sub-lethal event and the cell is killed when all n targets have been 

inactivated. The surviving fraction of cells corresponding to this type of lethality is given 

by the relation (25):      

                                    nDD
eS 0/

11


               (1) 

     Where: 

S: is the fraction of cells surviving a dose D. 

D0: is the mean lethal dose for which the mean number of lethal events per cell is 

equal to one. 

n: is the extrapolation number and it corresponds to the number of sub-lethal 

targets.  
 

The three parameters n, D0, and Dq are related by the expression:   

              

                      0/log DDn qe                                            (2) 

                                                              
Dq: is the quasi-threshold dose or the dose below which there is no effect. 
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Fig. (1):  Shape of survival curve for RD cells exposed to X-ray. The curve is described 

by the one lethal target and n sub-lethal targets model. (D0=3.2 Gy, Dq=9.2 Gy, and 

n=18).  

 

D0 the final slope (mean lethal dose) interpreted as multiple event killing is the dose 

required to reduce the fraction of survivals from 0.1 to 0.037 or from 0.01 to 0.0037 and 

on so. Some quantity to describe the width of the shoulder, the extrapolation of the final 

slope D0, back to the y axis yields n the extrapolation number. The quasi-threshold dose 

is almost a threshold dose Dq and it is defined as the dose at which the straight portion of 

the survival curve extrapolated backward intercepts the dose axis drawn through a 

surviving fraction of unity.  

 

Linear-quadratic Model  

     The linear quadratic model assumes a cell can be killed in two ways, either by a single 

lethal event or by the accumulation sub-lethal events. If these modes of cell death are 

taken to be independent, the probability of survival (S) is the product of the probabilities 

of each type of lethal event (25):  

    

2DDeS                                               
(3)  

     Where: 
S: is the fraction of cells surviving a dose D. 

α: is a constant representing the linear  component of cell killing. 

β: is a constant representing the quadratic component of cell killing.  

     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Shape of survival curve for RD cells exposed to X-ray. The experimental data 

were fitted to a linear quadratic function. (α/β = 9 Gy).  

 

The ratio α/β is the dose at which the contribution of the linear and the quadratic 

component are equal. One can then write;
2DD   and  /D . 

 

DISCUSSION 
 

     When the RD cell lines were acutely exposed to X-rays, the ability to divide was 

indefinitely declined as a function of radiation dose. The shape of the survival curve 

depends on the density of ionizations, for sparsely ionizing irradiation (X- and γ-rays) the 

logarithmic response is linear quadratic. The radiosensitivity was evaluated by a 

clonogenic test. A final slope or mean lethal dose (a dose that given an average of one hit 

per cell) that is (D0=3.2 Gy), the quasi-threshold dose (Dq=9.2 Gy), and the extrapolation 

number n is a measure of the width of the shoulder (n=18) indicates that the size of the 

shoulder of the survival curve for RD cell type has a broad shoulder and reflects the 

ability of the cells to repair sub-lethal radiation damage (24). The α/β ratio (α/β=9 Gy), and 

the survival fraction after 2 or 4 Gy (SF4) were determined for RD cell lines (SF4= 

0.79%). The high SF2 value for RD cell lines correlates with the low clinical 

radiosensitivity of RD (21). From results α-component increased for RD sarcoma cells 

type. This resulted in high α/ß ratio of approximately 9 Gy (26). Cells displaying a high α/ß 

ratios more than 6 Gy for radioresistant cells, conventional doses per fraction of 2 Gy 

should provide therapeutic gain with an increased probability of tumor cure and sparing 

of late-responding normal tissues (24,27). Following exposure to radiation RD cells may die 

attempting the next or a subsequent mitosis (mitotic death), or there may be programmed 

cell deaths (apoptosis death). The RD cells have a large dose-rate effect and the mitotic 

death is dominant (mechanism of death). In cells that die a mitotic death, there is a one-

to-one correlation between cell survival and the average number of putative (lethal) 

chromosomal aberrations per cell. That is asymmetric exchange type aberrations such as 

dicentrics and rings (7).   
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CONCLUSION 
 

     Radiation survival curve for RD cell lines was constructed using an in vitro 

clonogenity test. The plating efficiency PE of the RD cell lines culture was 75%. The 

mean lethal dose D0 of RD cells was found to be 3.2 Gy, and the quasi-threshold dose Dq 

was found to be 9.2 Gy. The extrapolation number n measure the width of shoulder was 

found to be 18 indicates that the survival curve for RD cells has a broad shoulder. RD 

could be classified as low radiosensitive or radioresistant cells (22). Conventional doses 

per fraction of 2 Gy should provide therapeutic gain for RD cells with an increased 

probability of tumor cure and sparing of late-responding normal tissues. The mechanism 

of death of the RD cells is the mitotic death (cells die attempting the next or a subsequent 

mitosis). 
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